INTRODUCTION
The terrestrial isopod Androniscl/s dentiger inhabits, as other congeneric species, humid edafic environments, superficial underground compartments, and both natural and artificial caves. Usually, in Trichoniscidae, highly hygrophilic habits represent a strong constraint for dispersal. Evidence of this phenomenon is the high number of taxa (both at the species and genus level) which are geographically differentiated, and are also narrow endemics. A.dcntiger, unlike other congeneric species and other Trichoniscidae, is widely distributed. It occurs in Great Britain, Central Europe, mainland Italy, Sicily, and North Africa and its range has been considered to be in a phase of active and passive (by man) expansion ( Van-del, 1960) . However, A. dentiger does not occur in Corsica (Taiti and Ferrara, 1996) , Tuscanian archipelagos and in some localities along the Tuscanian coast (Taiti and Ferrara, 1980) where potentially colonizable environments occur. Moreover, this species is missing in many suitable caves within its range (Gentile, unpublished data) .
In a previous study the levels of gene flow among populations of A. dentiger in Central Italy have been investigated using different NI1l estimators. The very low levels of gene flow reported, even between neighboring populations, suggested that nearly all the populations studied have isolated gene pools (Gentile and Sbordoni, 1998) . In this paper we discuss the geographic variation and the genetic relationships among the same A. dentiger populations, using as outgroups populations from four species belonging to the same genus.
MA TERIAL AND METHODS
Twenty eight populations of A. dentiger from Central Italy have been studied, including cave and surface populations. Six populations taxonomically assigned to four different species (A. calcivagus, A. crf. slIbterranells, A. spelaeorlll1l and A. degener) were used as outgroups. These species are morphologically well differentiated (Vandel, 1960) , and occur only in the North-Eastern Italian Prealpine mountains. Some of these species could also be found in syntopy. In these cases, no evidence of hybridization could be highlighted. In Table 1 the populations studied are reported. Cave and surface populations are indicated with a three letter symbol in upper and lower cases types, respectively.
Genetic variation was investigated using allozyme electrophoresis on cellulose acetate gels. The following enzymes were assayed: Ada, Aida, Ca, Dia, Me, Aph, Pgl1l, pGal, G6pd, Gpi, Got, Idh, Mdh, Mpi, Pep, Pk , for overall 19 gene loci scored. Details of the protocols used and allele frequencies are reported in Gentile and Sbordoni (1998) .
Heterozygosity, Nei's (1972) and Reynolds' (Reynolds et. aI., 1983 ) genetic distances were calculated using GEN-SURVEY (Vekemans and Lefebvre, 1997). We used the Nei's and Reynolds' indexes to provide more accurate dating of events of divergence in different evolutionary contexts. We used Nei's (1975) relationship t=kD, where t is the time of divergence, k(the substitution rate) is equal to 5*10 6 and D is the Nei's distance. Reynolds' index, which assumes divergence to be caused only by genetic drift, was used in a context of short-term evolution. We applied the formula t""D/2N, where t is the time of divergence, N the effective population size and D is the Reynolds' coefficient. We estimated an average population size ranging from 500 to 5.000 individuals. Statistical significance of heterozygosity estimates and genetic distances between and within groups of populations was tested by 1000 bootstrap cycles over populations (Van Rossum et a!., 1997; Vekemans and Lefebvre, 1997) . The program GENETIX ver. 3.0 (Belkhir et a!., 1996) The neighbor-joining (N] tree, Saitou and Nei, 1987) method was applied to a matrix of genetic distances (Nei, 1972) . Robustness of each node was evaluated by bootstrapping allele frequencies 1000 times, using the program SEQBOOT in PHYLIP 3.57 (Felsenstein, 1995) .
We also carried out parsimony analyses on allozyme data. Allozymes were recoded considering a locus as a character, and a combination of alleles occurring at that locus as a state (Mabee and Humphries, 1993) . In-stead of ordering the character states and imposing a specific pathway, we considered all transformations to be possible. In a stepmatrix, a cost to every possible transformation was assigned by assuming that each gain or loss of an allele equals one evolutionary step. We used ASAP 1.5 (Thumfort and Sampson, personal communication) to recode allozyme data according to the procedure assessed in Mardulyn and Pasteels (1994) . Most-parsimoniuos (MP) trees were derived by the heuristic search as implemented in PAUP 3.1.1 (Swofford, 1993) . Ten random replicates of a heuristic search were performed. The options random and tree-bisection-reconnectioll (TBR) were used for stepwise addition and branch swapping procedures, respectively.
The MP tree and the shortest trees supporting alternative phylogenetic hypotheses were compared using Templeton's (1983) test, as detailed in Larson (1994) . Figure 1 shows the results of the Factorial Correspondence Analysis carried out on allele frequencies of the 28 populations of A.dentiger. The first axis which explained 24.5% of variance allowed the discrimination between two major groups: group A, including populations distributed in a wide area ranging from the Apennines of Tuscany and Marches to the alluvial plains of Tuscany and Latium, and the group B including the remaining populations. The second axis (13%) clearly separates STI and PIA populations from all the others, while the third axis (10.2%) discriminated populations DVL, PIA, SUB and CHI. The second and third axis indicated that the Apennines populations do not forp1 an homogeneous group.
RESULTS
Alternative alleles and a high number of private alleles occurred in most loci. In the Figure 2 the percentage of alleles which are shared by an increasing number of populations (represented by histograms) is reported together with their average frequency (represented by line). More than 40% of all alleles scored are shared by a maximum of three populations. These alleles showed an average frequency equal to 0.4.
Only two private alleles occurred in the group A, while 11 private alleles were found in the group B. Nearly all the alleles shared only by two and three populations were in group B.
Mean heterozygosity per population is reported in Table 2 . Average heterozygosity estimates between and within groups A and B are reported in Tables 3a and 3b. We did not observe a statistically significant difference in mean heterozygosity between cave and surface populations. However, if groups A and B were analyzed separately, heterozygosity levels were statistically different between cave and surface populations within the group B. dentiger. The first three axis are represented.
Nei's genetic distances are reported in the Appendix. Genetic distances between and within groups A and B are summarized in Tables 3 and 4 The topology of the NJ tree obtained is shown in Fig.3a . The tree is arbitrarily rooted at A. degener (VII), the most differentiated species. A. dentiger splits into the groups A and B, being divided by A. calcivaglls. A. calcivaglls is the only robust cluster of the whole tree (bootstrap values> 70%). The remaining two species, A. cfr. slIbterranelis and A. spelaeorwll, link together and are nested with group B. The parsimony analysis produced 112 equally parsimonious trees (length=252). The MP tree is reported in Figure 3b . It is also rooted at A. degener (VJI), and shows that A. dentiger splits into two different groups of populations, mainly corresponding to the groups A and B obtained by FCA, and the NJ tree. Groups A (plus SPI) and B are separated by the insertion of A. calcivagus and A. spelaeorIllll. A. cfr. subterraneus is nested with group B. We used Templeton's (1983) test to determine whether we could reject the hypothesis of the monophyletic origin of A. dentiger. We compared the MP tree to the most parsimonious tree obtained by forcing the monophyly of A. dentiger. The tree with A. dentiger monophyletic required 5 steps more than the MP tree. However, it was not significantly different from the MP tree.
DISCUSSION

Geographic variation and evolutionary patterns
Multivariate analysis (fca) of allele frequencies (Fig. 1) pointed out the existence of at least two groups of populations. The populations belonging to group A are strongly divergent from the remaining ones (group B). In the South, the low valley of the river Tiber divides the two groups and might have represented a notable barrier to gene flow. Interestingly, the Tiber valley also represents a geographical barrier between populations belonging to the cave crickets DolicllOpoda laetitiae-geniculata complex (Cesaroni et al., 1997) . Groups A and B show different geographical distribution an even very different evolutionary patterns. In group A the number of private alleles is low, suggesting that mutation did not play an important role in the evolutionary process within this group. Average genetic distances (Nei's index) within group A (Tables 3a,b; 4) suggest that the times of divergence between most of the A. dentiger populations within group A are very recent. The Reynolds' coefficient relates the divergence times within group A to a time-span ranging between 17,000 and 1,700 years ago. This estimate would correspond to the wide expansion in Central Italy of the mesophilic forests, which represent the main routes for dispersal of A. dentiger. This expansion started at the beginning of the Holocene (14.000 years ago) until the present (Magri and Follieri, 1992) , after a long period (300.000 years) when mesophilic forest environments occurred in very few and short periods, and were limited to very narrow areas (FoBieri et al., 1993) . This scenario may explain the absence of A. dentiger in the whole of the tuscanian archipelagos and in the tuscanian coastal mountains (Taiti and Ferrara, 1980) , which were connected with the mainland only in the last 10.000 years (Lanza, 1984) . Figure 4 shows a geographic representation of the genetic variation observed. The darkest area groups the most similar populations belonging to group A. It might be the possible area from which propagules from a limited number of populations started the colonization of the alluvial lands of Tuscany. Genetic drift might be responsible for the decreased genetic variability within new populations, where alleles which are rare in the source populations are less likely to be represented. Consistently with the hypothesis of a recent colonization, average genetic distance among surface populations within group A is comparable with the value obtained for cave ones (Tables   3a,b) .
Mutation seems to be one of the main factors shaping the evolutionary pattern within group B. In this group in fact, the number of private alleles is high. The wide range of genetic distances within group B suggested that most of the splitting events within this group seem to have occurred in a wide timespan, which can be dated back to climatic shifts and marine transgressions during the Pliocene-Pleistocene glaciations. Extinctions and recolonizations during several glaciation episodes in the last Pliocene and during the Quaternary could explain both the observed lack of A. dentiger in many potentially colonizable habitats within its area and the varying degrees of genetic differentiation observed in the group B. Since these processes are much older than the colonization by populations of group A, we would expect the populations from group B to have partly rebuilt their genetic variability. Indeed, we did observe a statistically significantly higher heterozygosity in the populations from group B than from group A (Mann-Whitney Z=2.07; p«0.05 at twotailed test). Furthermore, surface and cave populations of group B are also differentiated. Within group B, surface populations show a higher level of average heterozygosity than the value observed in the cave ones, which is in turn comparable to the value observed in group A (Tables 3a,b) . So, in group B, increasing genetic variability occurred in surface populations only, while cave populations seem to be influenced by the effects of genetic drift or by some form of stabilizing selection. This scenario is consistent with the genetic distance values observed. In fact, group A and B are genetically distinct (Table  4) , and in group B average genetic distance among cave populations is much higher than the value observed for surface ones (Tables 3a,b) .
The geographical patterns of alleles shared by two and three populations might be interpreted as a trace of an ancestral polymorphism reduced by genetic drift due to extinction dynamics (Gentile and Sbordoni, 1998) . In fact, the higher the number of populations sharing the same allele, the more unlikely it is that this allele arose by recurrent mutation in those populations. Populations sharing these alleles are separated by geographic distances up to 250 Km, suggesting that extinction events might have occurred over a wide geographic scale. Table 3b -Differences (to) between levels of population diversity within groups A and B:
The upper values is the triangular matrix are toO; the lower ones are toHo.
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Genetic relationships
The genetic distances between populations morphologically belonging to Adentiger show a wide spectrum of values, including many values higher than 1. Thorpe (1983) suggested that genetic distance values higher than 0.163 between allopatric populations indicate that they belong to different species. If we accept this suggestion, most populations of A dentigcr are different species. As already pointed out (Lessios and Weinberg, 1994) there is no theoretical reason to consider the cut-off value indicated by Thorpe as an unambiguous threshold for speciation. The inclusion of species morphologically differentiated as outgroups allows us to calibrate the amount of genetic divergence that can be revealed by allozyme data, providing a "within taxon" standard which is useful to establish a threshold for speciation. Most of the average genetic distances between AndronisclIs species are of the same order of magnitude as many distances between populations of A dcntigcr.
In contrast with the high degree of genetic divergence, morphological differentiation in Adcntigcr does not show a degree of geographic variation useful to study the systematic relationships among populations (Vandel, 1960; Gentile, 1994) .
In the last twenty years the number of cryptic/sibling species which have been claimed to occur in various taxa is greatly increased. Genetic, ecological and behavioral data are often used and sometimes combined to test the actual differentiation between putative species. In particular, most genetic studies of cave dwelling isopods, both aquatic and terrestrial, revealed the occurrence of high genetic distance values between morphologically indistinguishable populations as reported from studies on Typhlocirolana (Caccone et aI., 1986) , Stcnaselills (Messana et aI., 1995) , OritonisclIs (Cobolli Sbordoni et aI., 1995) and Tric!lOnisclIs (Cobolli Sbordoni et aI., 1997) . Since it has been possible to evidenciate that reproductive isolation may occur in allopatry as a by-product of a high degree of genetic differentiation (Coyne and Orr, 1989) , it would appear reasonable that speciation events may occur more frequently than has been though. The high levels of genetic divergence we observed suggest that A dcntiger could be probably considered as a complex of cryp-tic\sibling species. We could identify two genetically differentiated groups of populations (A and B). Additionally, in the group B, most of genetic distances observed between populations are much higher than the values reported for morphologically distinguishable species. However it remains to be assessed how many species A. delltiger complex might include. This appears to be a difficult task, since breeding experiments carried out on other Peracarids showed that the paradigm "high genetic distance -high degree of reproductive isolation" does not hold always (Scheepmaker, 1990) . Both the NJ tree, and the parsimony analysis are in agreement with the multivariate analysis (FCA) . However, neither NJ or MP tree (Fig. 3) is helpful to assess the genetic relationships between the different species of AIldrolliscllS studied. They suggest that A. dentiger is polyphyletic. However, bootstrapping and Templeton's test do not support the polyphyletic origin of A. dell tiger, which indeed appears to be unreasonable even from a biogeographical point of view. In fact, among all the AlldrollisCllS (Delltigero- Analysis. Each tone of color corresponds to an increment equal to 0.2 on the first axis. The dark area identifies the group A, while group B is represented by the white area (Redesigned from Gentile, 1998) . niscus) species, only A. dentiger occurs in Central Italy, the range of the other congeneric species being strictly limited to the North and NorthEastern Prealps. The difficulty to assess robust genetic relationships between populations and species of Androniscus might be explained by the high degree of genetic differentiation found.
Further investigations by using a better addressed genetic marker will probably be necessary to investigate the phylogenetic relationships among the species belonging to this genus. 
